Associations between body mass index (BMI) and attempted (nonfatal) suicide have recently been reported. However, the few existing studies are relatively small in scale, the majority cross-sectional, and results contradictory. The authors have explored BMI-attempted suicide associations in a large cohort of 1,133,019 Swedish men born between 1950 and 1976, with BMI measured in early adulthood. During a mean follow-up of 23.9 years, a total of 18,277 (1.6%) men had at least 1 hospital admission for attempted suicide. After adjustment for confounding factors, there was a stepwise, linear decrease in attempted suicide with increasing BMI across the full BMI range (per standard deviation increase in BMI, hazard ratio ¼ 0.93, 95% confidence interval: 0.91, 0.94). Analyses excluding men with depression at baseline were essentially identical to those based on the complete cohort. In men free from depression at baseline, controlling for subsequent depression slightly attenuated the raised risk of attempted suicide, particularly in lower weight men. This study suggests that lower weight men have an increased risk of attempted suicide and that associations may extend into the ''normal'' BMI range. body mass index; cohort studies; depression; social class; suicide, attempted Abbreviations: BMI, body mass index; CI, confidence interval; HR, hazard ratio; ICD, International Classification of Diseases; SD, standard deviation; SES, socioeconomic status; WHO, World Health Organization.
Editor's note: An invited commentary on this article appears on page 900, and the authors' response is published on page 905.
The prevalences of obesity and overweight are increasing worldwide (1) . Increased body mass index (BMI) is a recognized risk factor for many chronic somatic conditions, such as cardiovascular disease, diabetes, and some cancers (2) (3) (4) (5) (6) (7) (8) .
There is also emerging evidence of BMI associations with mental health outcomes, such as depression, although findings are inconsistent, with higher depression rates reported in individuals with higher BMI (9, 10), lower BMI (11, 12) , or both (13, 14) . Suicide has also recently been linked with obesity. Results from studies of completed suicide, including an analysis of the current cohort (15) , generally suggest that increasing BMI is associated with decreasing suicide risk (9, (15) (16) (17) (18) (19) (20) , although a recent study, based on relatively small numbers of deaths, reported an excess suicide risk among obese men (21) . Results from studies of attempted (nonfatal) suicide have been markedly less consistent (12, 19, (22) (23) (24) (25) (26) (27) (28) . Although attempted suicide is the strongest predictor of completed suicide (29) , they do not necessarily share a common etiology; for example, completed suicide is more common in men, while nonfatal suicidal behaviors are more common in women and younger individuals (30) . There is, therefore, a need for evidence from high-quality studies that specifically consider attempted suicide.
Attempted suicide risk has variously been reported as not associated with BMI (22, 27) , greater in heavier individuals (25, 28) , greater in lighter individuals (12, 19, 22) , or greater in lighter and heavier individuals (23, 24, 26) . However, the majority of studies (12, (23) (24) (25) (26) 28) are cross-sectional, many focus on adolescents, and the role of psychiatric illness, particularly depression, has not been widely explored. Depression, in addition to being an important risk factor for suicidal behavior (31) , is associated with both increases and decreases in appetite and may subsequently influence BMI. It is impossible, by using a cross-sectional design, to establish whether BMI directly influences attempted suicide risk or whether comorbidity, particularly with depression, impacts on both BMI and attempted suicide risk. Evidence from prospective studies is therefore needed to establish the temporal association between BMI and attempted suicide. Moreover, the majority of existing studies did not adjust for socioeconomic status (SES), an important candidate confounder given its strong associations with both BMI (32) and attempted suicide (33) .
The present analyses explore associations between BMI measured in early adulthood (before the onset of most chronic somatic disease) and subsequent hospital admissions for attempted suicide in a cohort of over 1 million Swedish men. This cohort is considerably larger than any previous study in this context. In addition to offering greater statistical power, this has allowed 1) investigation of long-term associations of BMI with attempted suicide risk, 2) further exploration of the role of depression, 3) adjustment for SES at 2 points of the life course, and 4) insight into BMI-attempted suicide associations in the ''normal'' BMI range (BMI, 18.50-24.99 kg/m 2 ).
MATERIALS AND METHODS
The record linkage used to generate this cohort has been reported previously (34, 35) . In brief, all nonadopted men born in Sweden from 1950 to 1976 with both biologic parents identified in the Multi-Generation Register were identified and linked to the Population and Housing Census records (1960 and 1970) and Military Service Conscription, Cause of Death, and National Hospital Discharge registers, resulting in 1,379,531 successful matches. Study approval was obtained from the Regional Ethics Committee, Stockholm.
The military service conscription examination involves structured, standard medical assessment of physical and mental health. During the years covered by this study, the law required this examination; only men of foreign citizenship or with severe disability were excused. This data set covers examinations from September 15, 1969 , to December 31, 1994. The average age at examination was 18 (range, [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] years. Height, weight, and blood pressure were measured by medical personnel using standard protocols. BMI was derived in the usual way (weight (kg)/height (m) 2 ), and men were classified 1) according to World Health Organization (WHO) guidelines (36) as underweight (BMI, <18.5), normal weight (BMI, 18.5-24.9), overweight (BMI, 25.0-29.9), or obese (BMI, 30.0) and 2) in deciles of BMI (first decile: BMI, 14.0-18.6; second decile: BMI, >18.6-19.5; third: >19.5-20.1; fourth: >20.1-20.7; fifth: >20.7-21.2; sixth: >21.2-21.9; seventh: >21.9-22.5; eighth: >22.5-23.5; ninth: >23.5-25.0; and tenth: >25.0-54.7). Depression (International Classification of Diseases (ICD), Eighth and Ninth Revisions, codes 300, 308, 309, 311) at conscription was identified from physician interviews or from preconscription hospital admissions.
Childhood SES was based on the highest occupation of either parent from the Population and Housing Census records of 1960/1970. These same census records from 1990 were used to ascertain adult SES, based on own occupation for men who had an occupational code and otherwise on household SES. Highest educational achievement was obtained from Statistics Sweden's longitudinal integration database for health insurance and labor market studies of 1990-2004. Hospital admissions data from 1969 to 2006 were based on the Swedish Hospital Discharge Register, which covered around a third of the Swedish population in 1970, rising to 71% in 1977 and 100% in 1987. The shortfall in the 1970s/ 1980s occurred in counties of varying population density and socioeconomic composition, and there were no systematic differences in BMI-attempted suicide associations in counties included and not included in the register during these early years. We identified attempted suicides from injuries coded as intentional (ICD, Eighth and Ninth Revisions, codes E950-E959; ICD, Tenth Revision, codes X60-X64) or undetermined (ICD, Eighth and Ninth Revisions, codes E980-E989; ICD, Tenth Revision, codes Y10-Y34). Analyses excluding undetermined injuries were very similar to those based on intentional and undetermined injuries combined. Our follow-up period covered 3 successive ICD revisions, and we identified 7 specific methods that were coded consistently across revisions (37, 38) (Table  1 ): poisoning by solid or liquid; other poisoning; hanging, strangulation, and suffocation; drowning; firearms and explosives; jumping or falling from a high place; and sharp object injuries. Analyses were restricted to attempted suicide admissions occurring after conscription. Hospital admissions for depression (ICD, Eighth and Ninth Revisions, codes 300, 308, 309, 311; ICD, Tenth Revision, codes F32-34, F40-43) occurring prior to any suicide attempts were also identified. As the purpose was to identify men with preexisting depression, those whose first depression admission coincided with a suicide attempt were not identified as previously depressed.
We used Cox proportional hazards regression (39) to explore BMI-attempted suicide associations, having first checked that proportional hazards assumptions were not violated. As all hospital admissions were included, men could have more than 1 suicide attempt recorded. The main analyses were based on the first attempt by any means or by any specific methods. Thus, a man with 2 admissions for jumping and 1 for hanging would contribute to 1) all attempted suicides (first event), 2) jumping (first jump), and 3) hanging (only hanging). Follow-up began on the date of conscription and ended on the earliest of the following: date of attempted suicide, death, emigration, or December 31, 2006 . Hazard ratios and 95% confidence intervals for attempted suicide were computed for underweight, overweight, and obese men relative to those of normal weight, according to WHO classifications. Hazard ratios and 95% confidence intervals were also calculated for attempted suicide by any means for deciles of BMI relative to the modal decile (decile 6). All analyses were adjusted for age at conscription, conscription center, and year of birth. Separate models controlled for childhood SES, adult SES, educational attainment, and blood pressure, which previously had been associated with both BMI (2) and suicide risk (40) . Analyses are based on men with complete data for all variables.
We explored the role of depression in 2 ways. First, analyses were repeated excluding men with a diagnosis of depression at conscription and whose BMI might therefore be affected by related over-or undereating. Second, in men free from depression at conscription, we adjusted for depression during follow-up to explore the possibility that poor body image arising from high or low BMI leads to depression and therefore increases attempted suicide risk. We also carried out a series of sensitivity analyses. Specifically, we repeated the main analyses 1) excluding attempted suicides in the first 2 years of follow-up, 2) stratified by year of birth, 3) using age as the time scale rather than years since conscription, and 4) in the subgroup (3%) with data, adjusting for smoking and alcohol consumption.
RESULTS
The original cohort consisted of 1,379,531 men of whom 234,000 (17.0%) had missing conscription data and 12,512 (0.9%) had missing data on SES and education in 1990-2004. Analyses are based on 1,133,019 (82.1%) men with complete data on BMI and all covariates. Men with missing data tended to have lower SES. Men were followed up for an average of 23.9 years during which 18,277 (1.6%) had at least 1 admission for attempted suicide (Table 1 ) compared with 2,020 (0.8%) men excluded from analyses. The most common method was poisoning by solid or liquid (1.3% of the analytical sample), followed by sharp object injury (0.2%), other poisoning (0.04%), hanging, strangulation, or suffocation (0.04%), jumping or falling (0.03%), firearms or explosives injury (0.02%), and drowning or submersion (0.01%).
Characteristics of men according to baseline BMI are shown in Table 2 . The majority (81.2%) were of normal weight at conscription. Similar numbers were under-and overweight (8.8% vs. 8.4%), and only 1.6% were obese. As expected, systolic blood pressure at conscription increased with increasing BMI. Men who were heavier at conscription were less likely to be in nonmanual occupations in 1990, less likely to be university educated, and less likely to have parents in nonmanual occupations. There was also a suggestion that those who were lighter at conscription had marginally lower educational attainment and childhood SES. Altogether, 34,319 (3.0%) men were identified as having depression at conscription, and a further 20,888 (1.9%) men without depression at conscription had at least 1 subsequent admission for depression during follow-up. Depression at conscription was more common in men who were underweight or obese; in contrast, there were an excess of postconscription hospital admissions for depression only among underweight men and little difference between men who were normal or overweight/obese. Attempted suicide admissions were higher among men at the extremes of the BMI distribution. Within the ''normal'' BMI range, men with increasing BMI tended to have 1) steadily increasing systolic blood pressure, 2) decreasing nonmanual SES (in childhood and adulthood), depression, and attempted suicide, and 3) a slight rise and then fall in university education (not shown).
Hazard ratios and 95% confidence intervals for attempted suicide by any means by WHO BMI classifications are presented in Table 3 . In analyses adjusted for age, center, and year of birth, there were raised risks of attempted suicide in men who were underweight or obese when compared with normal-weight men. However, controlling for childhood SES, adult SES, and, particularly, educational attainment substantially reduced the raised risk in obese men and, to a lesser extent, in those who were underweight. Adjustment for blood pressure had no impact on the associations. In multiply-adjusted models, there was evidence of a raised risk in underweight men (hazard ratio (HR) ¼ 1.12, 95% confidence interval (CI): 1.07, 1.18), and there was a correspondingly reduced risk in overweight (HR ¼ 0.88, 95% CI: 0.83, 0.93) and obese (HR ¼ 0.88, 95% CI: 0.78, 0.98) men. Figure 1A shows multiply-adjusted associations with BMI deciles. The first decile (BMI ¼ 14.0-18.6) is composed almost entirely of men who were underweight according to WHO guidelines, while the tenth decile (BMI, >25.0) represents men who were overweight or obese. The remaining 8 deciles, therefore, span almost the entire WHO ''normal'' weight range. The magnitude of individual hazard ratios is relatively modest, and several 95% confidence intervals include 1. However, it is striking that the trend of decreasing hazard with increasing BMI identified in Table 3 is consistently stepwise across all 10 deciles and extends throughout the ''normal'' BMI range. In multiply-adjusted analyses that included BMI as a continuous variable, there was a linear trend of decreasing attempted suicide with increasing BMI (for a 1-standard deviation (SD) (2.8-kg/m 2 ) increase in BMI, HR ¼ 0.93, 95% CI: 0.91, 0.94).
Age, center, and year of birth, as well as multiplyadjusted hazard ratios, are presented for method-specific attempted suicides in Table 4 . Associations of BMI with the 2 most common attempted suicide methods (poisonings with solid/liquid or sharp object injuries) were broadly similar to those with attempted suicide by any means. Analyses of other method-specific attempted suicides were based on relatively small numbers of events, and confidence intervals are correspondingly wider. However, there was a suggestion that increasing BMI was associated with a steadily decreasing risk of other attempted poisoning, attempted hanging, and attempted jumping. Conversely, attempted firearms injuries were most common in men who were obese at conscription, although there were only 7 events in this group.
Of 34,319 men identified as depressed at conscription, 1,909 (5.6%) had a subsequent hospital admission for attempted suicide compared with 1.5% of men without depression. BMI-attempted suicide associations based on 1,098,700 men without depression at conscription were almost identical to those based on the full cohort (for a 1-SD increase in BMI, multiply-adjusted HR ¼ 0.93, 95% CI: 0.91, 0.94). Additional adjustment for depression during follow-up led to a slight attenuation of the association, particularly among lower-weight men ( Figure 1B ), but a modest inverse linear trend remained across the full BMI range (for a 1-SD increase in BMI, multiply-adjusted HR ¼ 0.94, 95% CI: 0.92, 0.95). Results from analyses restricted to attempted suicides more than 2 years after conscription, stratified by birth year, using age as the time scale, or adjusted for smoking and alcohol consumption were very similar to those presented in Table 3 (results not shown).
DISCUSSION
We have explored BMI-attempted suicide associations in a large-scale, prospective cohort study. In multiply-adjusted models, we observed a consistent, stepwise linear decrease in attempted suicide risk across the full BMI range. This association was evident in men without depression at baseline and was only slightly attenuated by adjustment for depression during follow-up. Because of our large study population and lengthy followup, we were able, for the first time to our knowledge, to examine BMI associations with method-specific attempted suicides. Multiply-adjusted associations with most methodspecific suicides were similar to those for all attempted suicides combined, with decreasing attempted suicide risk associated with greater BMI. It is, perhaps, of note that, in spite of relatively small numbers of events, the strongest associations were those with methods likely to require the greatest degree of physical effort and agility, namely, hanging and jumping. Alternatively, these may be methods that are most likely to require hospitalization and are therefore less prone to misclassification using our definition of attempted suicide. If this is the case, then our main results may, to some extent, be biased toward the null by other methods that are more variable in their likelihood of hospitalization. Finally, the most common attempted suicide method was self-poisoning; in this case, it may be that greater BMI is protective on the basis of body size and volume of distribution, leading to fewer attempted poisonings actually resulting in hospitalization.
Strengths and limitations
The majority of existing evidence on BMI-attempted suicide associations is based on cross-sectional data (12, (23) (24) (25) (26) 28) . In contrast, the current analyses utilize an almost complete birth cohort of over 1 million men, well defined for SES in childhood and adulthood, and followed up for an average of almost 24 years. This study is considerably larger than others in the field and, in addition to providing superior statistical power, this has allowed a more detailed exploration of associations within the ''normal'' BMI range. BMI was measured once, at the beginning of follow-up when men were aged between 16 and 25 (median age, 18) years and were likely to be free from chronic diseases, such as malignancies, that might influence both BMI and attempted suicide risk. BMI is known to demonstrate a high degree of tracking from adolescence and throughout adulthood (41, 42) , and the long follow-up period therefore provides a unique insight into longer-term adult associations between BMI and attempted suicide risk. Attempted suicides were identified from records of hospital admissions and, as hospital treatment in Sweden is free, we have no reason to suppose there was any systematic bias resulting from this approach. We had data on depression at baseline and subsequently during follow-up, allowing further exploration of the role, particularly temporally, of depression in BMIattempted suicide associations.
However, there are also a number of limitations. Analyses were based on 82.1% of men with complete data, which could potentially lead to bias if BMI-attempted suicide associations differ in those with missing data (including 0.4% of the cohort who died prior to data collection in 1990-2004); however, it is reassuring that analyses adjusted for age, center, and year of birth in men with complete data for all variables other than BMI and age at conscription were almost identical to those presented in Table 3 . Our analyses do not include cases of self-harm not requiring hospital treatment, which may be important in identifying individuals at future risk of attempted or completed suicide. Additionally, our analyses are limited to attempted suicide admissions in men aged 16-57 years. Younger people have been identified as a priority in terms of suicide prevention, and our results provide an insight into this particularly vulnerable group but do not add information on BMI-attempted suicide associations in women or older men. Finally, depression during followup was based on hospital discharge data and is therefore restricted to episodes severe enough to warrant hospital admission. Previous studies of attempted suicide that consider the role of depression (12, 25, 27, 28) have been based on self-report and therefore include less severe morbidity. However, there are also issues around the validity of self-reported depression. In addition, studies were either cross-sectional (12, 25, 28) or only measured depression at one time point (27) and therefore provide no information on the temporal effects. Furthermore, evidence from previous studies (43, 44) indicates that rates of suicide in depressed individuals are greater in those who are hospitalized for depression, and the men identified in this way in our study were therefore likely to be those most at risk of future suicidal behavior.
Possible explanations for associations
Although BMI-attempted suicide associations were strong, they may not be causal, and BMI may be a marker for other factors involved in the etiology of attempted suicide. BMI is greater in lower SES individuals (32) and in those with lower intelligence (45) or educational attainment (46) . Moreover, results from a large cohort (47) suggest that men who were obese at age 18 had lower educational attainment than their normal-weight peers, even after adjustment for intelligence and parental SES. Obesity and underweight in late adolescence have also been associated with increased disability pension for any cause and for psychiatric illness (48) , which may lead to low SES, unemployment, and lack of social support from workmates. Increased suicide risks have been reported in individuals with lower SES (49), intelligence quotient (IQ) (19, 34) , or education (19) who may have poorer problem-solving abilities, social support, and financial resources when affected by serious life events such as unemployment. In the current analyses, heavier men tended to have lower childhood and adult SES and educational attainment. Separate adjustment for these factors, particularly the potential mediators adult SES and education, markedly attenuated the raised risk of attempted suicide in heavier men (adjusted for age, center, and year of birth), including those at the upper end of the ''normal'' range, and, in multiply-adjusted models, there were clear linear trends of decreasing attempted suicide with increasing BMI, suggesting that attempted suicide associations with higher BMIs may be at least partially confounded/mediated by poor socioeconomic circumstances from across the life course.
Another possible mechanism is comorbidity, particularly at baseline, as existing disease may impact on both BMI and attempted suicide risk. Recent evidence (21) suggests that unexplained weight loss, possibly due to psychiatric illness, is more strongly associated with completed suicide risk than BMI per se. In the current analyses, men were examined as young adults, and the impact of chronic somatic diseases is likely to have been minimal. In contrast, 3.0% of men were identified as depressed at baseline and, in addition to influencing attempted suicide risk, depression can be associated with both increased and decreased appetite. However, results from analyses excluding these men were almost identical to those based on the whole cohort, suggesting that baseline comorbidity did not have a significant role, and that attempted suicide associations with BMI measured early in adulthood extend into later life.
One possible biologic mechanism that has been suggested involves insulin resistance. Individuals with high levels of insulin resistance have been shown to have a greater prevalence of depression (50) , possibly due to increased serotonin concentrations. In addition, suicide risk has been shown to increase with increasing numbers of insulin sensitivity markers (51), including low BMI. The multiply-adjusted association of decreasing attempted suicide with increasing BMI presented here would certainly be consistent with this hypothesis. However, we had no information on insulin resistance and were unable to examine this mechanism directly.
Finally, the possibility of a psychological association should not be discounted. Studies of adolescents suggest that body dissatisfaction is an important predictor of suicidal behaviors (24, 28) and that associations with perceived weight are stronger than those with actual weight. Similarly, ''body uneasiness'' has been associated with increased suicide risk in young adults (52) . Although women generally favor a lower body weight, perceptions in men may differ. A recent review (53) suggests that, while many adult men would prefer a slimmer body, a similar number would prefer a larger, more muscular shape. Although speculative, the consistently raised risk of attempted suicide in lower-weight men presented here is consistent with dissatisfaction with body sizes below the norm. Furthermore, the extension of this association into a BMI range usually regarded as ''normal'' in terms of general health suggests that the definition of ''ideal'' BMI may be even narrower. We had no information on body satisfaction and were unable to examine this hypothesis directly. However, adjustment for depression during follow-up slightly attenuated attempted suicide risk in lower weight men, and the longitudinal nature of the data makes reverse causality (e.g., low BMI caused by loss of appetite in depressed men) unlikely.
In conclusion, we observed stepwise inverse associations of decreasing attempted suicide with increasing BMI. Of note is the observation that this association was apparent in the ''normal'' BMI range. Evidence from the current analyses and wider literature suggests that BMI-attempted suicide associations are complex and that there is a need for more prospective evidence across the full BMI range to confirm long-term associations and to disentangle the interdependent effects of confounding/mediating variables and the role of depression.
